Objectives: This study aimed to provide an overview of morbidity and mortality among patients admitted to the Hospital of the Medicine Faculty of Uludag University, Bursa, Turkey, after the 1999 Marmara earthquake. Methods: Retrospective analysis of the medical records of 645 earthquake victims. Patients' demographic data, diagnosis, dispositions, and prognosis were reviewed. Results: A total of 330 patients with earthquake related injuries and illness admitted to our hospital were included and divided into three main groups: crush syndrome (n = 110), vital organ injuries (n = 57), and non-traumatic but earthquake related illness (n = 55). Seventy seven per cent of patients were hospitalised during the first three days after the earthquake. The rate of mortality associated with the crush syndrome, vital organ injury, and non-traumatic medical problems was 21% (23/110), 17.5% (10/57), and 9% (5/ 55), respectively. The overall mortality rate was 8% (50/645). Conclusions: In the first 24-48 hours after a major earthquake, hospital emergency departments are flooded with large numbers of patients. Among this patient load, those patients with crush syndrome or vital organ injuries are particularly at risk. Proper triage and prompt treatment of these seriously injured earthquake victims may decrease morbidity and mortality. It is hoped that this review of the challenges met after the Marmara earthquake and the lessons learned will be of use to emergency department physicians as well as hospital emergency planners in preparing for future natural disasters.
O n 17 August 1999 at 03:02 local time, an earthquake with a magnitude of 7.4 on the Richter scale, lasting for 45-50 seconds, occurred on the Northern Anatolia fault line in the densely populated region of Marmara in Turkey. The epicentre was between Golcuk and Sapanca. According to the official reports, the disaster killed 17 480 and injured 43 953 people within an area of 64 365 km 2 . The earthquake affected the most industrialised regions of Turkey, such as the cities of Bursa, Izmit, and Istanbul, causing much material damage as well. 1 Natural disasters are ecological phenomena that disturb the normal order of life in a society beyond its adaptive capabilities, and thus result in an urgent and great necessity for external aid. Compared to other natural disasters such as floods, landslides, avalanches, cyclones, volcanic eruptions, and droughts, 2 3 earthquakes are much more harmful, causing both life and material losses. 4 5 According to the official statement released by the World Bank on 1 October 1999, as a consequence of the Marmara Earthquake, ,200 000 dwellings and ,30 000 work places were seriously damaged. The material damage was estimated to be on a scale of US$3-6.5 billion, which represents approximately 1.8-2.3% of the gross national product of Turkey. 6 The 600 bed Hospital of the Medicine Faculty of Uludag University is located in the city of Bursa. It has a 40 bed intensive care unit and a trauma unit. As mentioned above, Bursa was one of the major inhabited regions affected by the earthquake. In the present study, we aimed to perform a detailed medical analysis of the Marmara earthquake victims presenting to our hospital. We aimed to investigate the factors affecting morbidity and mortality among the hospitalised patients. In addition, we wanted to share the experience of our Emergency Department (ED) in dealing with the initial rush of victims of the earthquake.
METHODS
We retrospectively reviewed the medical records of patients with earthquake related injuries and diseases hospitalised between 17 August and 4 October 1999. We recorded the patients' demographic data, complaints, diagnoses, injury types, dispositions (including admission, discharge, and transfer), prognoses, presence of crush syndrome and/or acute renal failure (ARF), number of dialyses, and surgical procedures undertaken, such as fasciotomies and amputations.
Crush syndrome was defined as presence of crush injuries, oedema, and/or neurological disturbances (including motor and/or sensory deficits at the injury sites), and myoglobinuria (or dark brown coloured urine indicating the presence of myoglobin) with or without acute renal failure. Acute gastroenteritis, hepatitis, psychological symptoms, and exacerbations of pre-existing medical conditions, such as diabetes mellitus and arterial hypertension, were considered as earthquake related illnesses, and we reviewed age, sex, diagnosis, mortality and causes of mortality in these cases.
We used SPSS for Windows version 10.0 for the statistical analysis. When analysing the factors that we considered had an effect on mortality among the trauma patients (such as age, sex, presence of crush syndrome and/or ARF, etc.), those cases in which even one of these factors was missing were not included in the statistical evaluation. In this paper, categorical variables are presented as frequencies and percentages, and continuous variables are presented as average, standard deviation, and median values. We used Pearson's x 2 test, Fisher's exact test and the KolmogorovSmirnov test for comparing intragroup distributions of categorical variables, and the Mann-Whitney and KruskalWallis tests for comparing intergroup distributions of continuous variables. For determination of the factors that affected mortality in trauma cases we used univariate and multivariate (forward stepwise) logistic regression analyses. A p value ,0.05 was considered as significant.
RESULTS
A total of 645 patients with earthquake related injuries were admitted to our ED in the study period. The medical records of 58 patients were insufficient to determine the diagnosis and the injury site. The rate of hospitalisation was 52% (330/ 645 patients). The rate of ED discharge was 34% (n = 220) and transfer to another hospital 13% (n = 87), and ED mortality was 1% (n = 8). Our inpatient mortality was 15% (n = 50).
The distribution of the 645 patients according to their time of presentation is shown in fig 1. A total of 42% (n = 271) were admitted on the first day and 77% (n = 498) in the first three days. Of the patients admitted on the first day, 60% presented with earthquake related trauma. The number of non-trauma patients admitted increased substantially during the subsequent days. Seven patients died in the ED on the first day of the earthquake and one on the second day. The mean age of the hospitalised patients (48% male and 52% female) was 26.1 years (range 0-79 years).
Clinical characteristics of 263 patients with earthquake related trauma A total of 263 patients (46.3% (n = 122) male and 53.6% (n = 141) female; mean (SD) age 32.4 (16.9) years, median 30, range 3.5 months to 77 years) with earthquake related trauma were included in the statistical analysis. The most frequently occurring injuries among the hospitalised trauma patients were injuries to the extremities (fractures, dislocations, soft tissue injuries) (66.6%), followed by spinal (9.5%), chest (7.5%), abdominal (7.1%), cranial (6.8%), and pelvic (4.5%) injuries (fig 2) . Among the patients with crush injuries, 110 patients were diagnosed as having crush syndrome.
Of the 176 patients with injured extremities, 56 had lower extremity fractures (31.8%), 13 had upper extremity fractures (7.3%), and 3 had dislocations (1.7%; 2 pelvic and 1 knee cap). Mortality among the 176 patients with injured extremities was 10.7% (n = 19). Mortality rate in the spine (n = 25) and pelvic (n = 12) fracture groups was 4% and 16.6%, respectively.
A total of 108 patients with chest injuries were admitted. Of these, 89 were transferred to another hospital after initial evaluation in our ED. A chest tube was inserted in 34/54 hospitalised patients in the ED. The mortality rate among the hospitalised chest trauma patients was 10% (n = 2). The cause of death of one of these patients, a 15 year old girl, was ''crush syndrome + ARF + sepsis'' and of the other, a 65 year old man, was bilateral pulmonary contusion and acute myocardial infarction.
Nineteen patients with abdominal injuries were admitted, of whom nine underwent laparotomy. The mortality rate was 36.8% (7/19) . According to the medical records of these patients, ARF, sepsis, and multiple organ failure were the main causes of death. Three patients with signs and symptoms of acute abdomen were successfully treated nonoperatively. There were 18 patients with head injuries but most of these injuries were minor; one patient with a Glasgow Coma Score of 9 died (5.5%).
Among the hospitalised patients 64.5% (n = 158) sustained injuries in only one system (group A), whereas 12.7% (n = 31) had multiple system trauma (group B) and 23% (n = 56) had trauma accompanied by the crush syndrome (group C); the mortality rate in the three groups was 10%, 5%, and 85%, respectively. There were no significant differences between the groups in terms of age and sex (Kruskal-Wallis test, Pearson x 2 test, p.0.05). Compared with groups A and B, mortality was higher in group C (Kolmogorov-Smirnov test, p,0.001), and there was no significant difference between groups A and B (table 1) . On univariate logistic regression analysis, we found that the odds ratio of death in group C was increased 33.9-fold compared with group A (OR = 33.9%; 95% CI 7.5 to 153.4) and 2.6-fold compared with group B (OR = 2.6%; 95% CI 0.2 to 29.6). To determine the factors influencing mortality, age, sex, and the trauma group were taken as independent variables in the multivariate logistic regression analysis. Age and sex had no significant influence on mortality, but in group C, the odds ratio of death was increased 21.7-fold when compared with group A (OR = 21.7%; 95% C I 4.7 to 101.0).
Surgical treatment
The commonest surgical procedure undergone by the patients with earthquake related injuries was fasciotomy (n = 130), followed by tube thoracostomy (n = 34), and open reduction plus internal fixation (n = 28). A total of 24 extremities of 18 patients were amputated, of which none was a primary amputation. Nine patients underwent laparotomy and seven had external fixation. Patients with crush syndrome Of 110 patients with crush syndrome 60 required haemodialysis (54.5%). The overall mortality among these patients was 21% (n = 23). In the haemodialysis group the mortality was 35% (21/60). ARF, sepsis, and dialysis complications were the main causes of death (n = 21; fig 3) . The remaining two patients died of haemorrhagic shock. The injuries sustained by the patients with crush syndrome patients by site are given in table 2.
Infections in the hospitalised patients
Of 330 hospitalised patients, 295 were screened daily for infectious complications. Infections were documented in 76 cases (25.8%) according to the Centers for Disease Control diagnostic criteria of hospital infections. Deep surgical infection was the commonest type of infection (33%), and bacteraemia occurred in 20% of cases. The most frequently isolated microorganisms were Pseudomonas aeruginosa, Acinetobacter baumannii, methicillin resistant Staphylococcus aureus, and Candida spp. Mortality among in the patients screened by the hospital infection team was 10.8% (n = 32/ 295); 19 deaths were due to infectious complications. The frequency of infectious complications was highest at the end of the first week after the earthquake. All patients received tetanus prophylaxis. There were no cases of gas gangrene or tetanus.
Clinical characteristics of the hospitalised non-trauma patients Fifty five patients (16.6%; 58% (n = 32) males, 42% (n = 23) females; mean age 32.7 years) were hospitalised for nonearthquake related causes. A quarter of these were admitted within the first three days of the earthquake. Acute coronary syndrome was the commonest diagnosis followed by paediatric (premature birth, meningitis, gastroenteritis, etc.) and neurological diseases. Mortality rate in this group was 9% (n = 5) and the causes of death were cerebral haemorrhage (n = 2), myocardial infarction (n = 2), and occlusive cerebrovascular disease (n = 1).
DISCUSSION
During the past 20 years, natural disasters have claimed more than three million lives worldwide, affected at least 800 million people, and resulted in property damage exceeding US$500 billion. 7 In respect of losses of life and assets, earthquakes are the most harmful natural disasters. 4 5 The 1976, the Tangshan earthquake in China caused more than 240 000 deaths and 165 000 injuries, and the 1985 Mexico City earthquake resulted in more than 7000 deaths. 4 5 8 9 In 1990, another devastating earthquake claimed the lives of 50 000 people in Iran. According to the official records, the Marmara earthquake-one of the biggest natural disasters of the past decade-killed 17 480 people and injured 43 953. Natural disasters, especially earthquakes, are an important problem for Turkey.
A report on the 1989 Loma Prieta earthquake in California was the first to be based on emergency department census data, but we did not learn much from it because of the low casualty rate (1.3 deaths per 100 000 population). 10 The 1995 Hanshin-Awaji earthquake in Japan provided us with more detailed medical data. The present study aimed to provide further medical data on the patients admitted to our hospital following the Marmara earthquake and compare these data with those in the literature. We also wanted to share our ED experience during the period of the post-earthquake patient influx for better disaster preparedness in the future.
Following the Marmara earthquake, 645 patients were admitted to the ED and most of these presented within the first 12 hours. Initially, communication between our hospital and the field, and obtaining information about the severity of the catastrophe, was not possible. There were difficulties in keeping medical records of the patients presenting to our ED in the rush phase, especially within the initial several hours of the disaster, due to lack of knowledge about the patient load and severity of the injuries beforehand. However, an ED team was quickly organised and one ED nurse and one medical secretary were assigned to keeping medical records and patient census.
In a study following the Loma Prieta earthquake, Haynes et al 11 reported that keeping medical records in hospitals receiving excessive numbers of victims was difficult and records of some patients were not kept at all. Other studies 4 5 have also underlined the difficulty of keeping records in similar situations. In another study associated with the Loma Prieta earthquake, Martchenke et al 12 stated that the most significant problem has been the lack of communication both within the hospital and between the hospital and other institutions. As cited by Chen et al, 13 Thiel et al reported that following a devastating earthquake with large numbers of casualties, the greatest demand for medical attention occurs during the initial 24-48 hour period after the disaster. Likewise, Chen et al 13 reported that in the 1999 Taiwan earthquake, 66.2% of patients arrived on the first day. In our study, 42% of the patients were admitted on the first day and 60% of these had earthquake related trauma.
Approximately five to six hours following the earthquake, an excessive number of medical personnel crowded the ED causing substantial disorganisation and problems in the coordination of care of the patients in the ED. This chaos was overcome by reorganising the triage process and assigning two physicians and two nurses to each emergency bed. The drawbacks of large numbers of medical personnel trying to provide care for victims of disaster have also been pointed out by Klein et al.
14 They described a similar scene of inadequate triage and disorganised care after a plane accident in Dallas, TX, although the scale of the incident was much smaller.
Natural disasters, especially earthquakes, result in many health problems all over the world, of which crush syndrome is one of the most commonly encountered clinical entities. 15 During the last quarter of the twentieth century, devastating earthquakes have resulted in large numbers of crush syndrome cases: 600 cases were reported after the 1988 Armenian earthquake 16 and 372 after the 1995 HanshinAwaji earthquake. 17 In our study, 110 patients had crush syndrome (33%), the highest number for an injury among the entire hospitalised patient population. Mortality among the patients with crush syndrome following the HanshinAwaji earthquake was reported as being 13.4%, 18 19 whereas in our study, it was 21%. Although the discrepancy between the two rates is not pronounced, the difference may be due to our excessive use of fasciotomy instead of conservative treatment (or primary amputation in the severe cases). Consequently, our rate of deep surgical infections was high (33%) and we lost many patients due to sepsis. In our study, primary amputation was not carried out in any of the patients but 16.3% of the 110 crush syndrome patients underwent secondary amputation. Following the HanshinAwaji earthquake primary amputation was done in six patients and fasciotomy in 70 of the 317 patients. 15 An associated injury was present in 31% of the 372 crush syndrome patients after the Hanshin-Awaji earthquake 17 whereas this figure was 22.7% (25/110) in our study.
In Tanaka et al's 18 study of patients injured in the HanshinAwaji earthquake, fractures constituted 54.8% of all the injuries. Extremity fractures were the commonest (37.2%). Likewise, Peak-Asa et al, 7 in their study analysing hospitalised patients after the 1994 Northridge earthquake, reported that extremity injuries were the commonest (72.4%), followed by spinal injuries (13%). Similar high percentages of extremity injuries have also been reported in studies on the 1988 Armenian 18 and the Loma Prieta 19 earthquakes. In our hospitalised trauma patients also, injuries to the extremities were the commonest (66.6%), followed by spinal (9.5%) and pelvic (4.5%) injuries.
Tanaka et al 18 reported that less than 7.5% of the HanshinAwaji earthquake victims had cranial, thoracic, and abdominal injuries but the mortality among these cases was high (20.3%). Our findings were somewhat different. The rate of the cranial, thoracic, and abdominal injuries together was 17% and the mortality among these patients (17.5%) ranked second after the crush syndrome.
When non-trauma earthquake victims were considered, 25.4% presented within the first three days whereas 87.5% of trauma patients presented in the same time period. Liang et al 20 stated that following the 1999 Taiwan earthquake, approximately 10% of the patients arriving within the first three days had diseases unrelated to trauma. Following the Hanshin-Awaji earthquake, an increase in the number of cases related to stress (such as myocardial infarction, peptic ulcer, etc.) has been reported. 18 Suzuki et al have also pointed out a remarkable increase in the frequency of the cases of myocardial infarction during the first week following the earthquake in the Awaji region. 21 Although in our study the total number of non-trauma patients hospitalised was relatively low, acute coronary syndrome was still the most frequent diagnosis. It is widely known that emotional stress causes ischaemic cardiac diseases and acute myocardial infarction, 22 and, in an event such as an earthquake, which results in incredible pressure on victims, the increase in stress induced illnesses seems inevitable.
In our study, detailed medical records of 58 hospitalised patients were not available. The most important reason for this was the initial disorganisation in the ED especially during the first few hours after the earthquake. Nevertheless, we think that the data reported in the present study reflect sufficient medical information about the morbidity and mortality of the hospitalised post-earthquake trauma and non-trauma patients.
CONCLUSIONS
Catastrophes can occur anywhere and at any time and the numbers of victims cannot be foreseen in any way. Following a devastating catastrophe such as an earthquake, especially during the initial 24-48 hour period, an excessive flow of patients will always be encountered in EDs resulting in disruption in medical care and interventions. Provision of suitable and sufficient medical care can only be achieved by a well prepared organisation, with management of catastrophic events involving entire units of a hospital.
We had to deal with two major challenges after the 1999 Marmara earthquake. The first was to overcome the initial rush phase and the second was to treat the complications of the crush injuries. We have learnt two lessons from this experience: (a) previous disaster drills would have decreased the initial mortality and morbidity, which was due to disorganised emergency care; and (b) fewer fasciotomies and more conservative treatment of crush injuries would have decreased our late morbidity and mortality, which was due to surgical infections, sepsis and ARF.
